
The ratio of the resisting moments about toe to the overturning moments about toe is called the 

factor of safety against overturning. Its value generally varies between 2 and 3. 

Factor of safety against overturning is given by 
 

FOS = sum of overturning moments/ sum of resisting moments 
 

Fig:sum of external horizontal forces greater than vertical self-weight of dam (overacting, sliding 

occurs) 

 
 
 

 
Sliding Failure of Gravity Dam:When the net horizontal forces acting on gravity dam at the base 

exceeds the frictional resistance (produced between body of the dam and foundation), The failure 

occurs is known as sliding failure of gravity dam. 

In low dams, the safety against sliding should be checked only for friction, but in high dams, for 

economical precise design, the shear strength of the joint is also considered 

Factor of safety against sliding can be given based on Frictional resistance and shear strength of the 

dam 

Factor of safety based on frictional resistance: 
 

 
 

 



 
 
 
 

Gravity Dam Failure due to Tension Cracks:Masonry and concrete are weak in tension. Thus 

masonry and concrete gravity dams are usually designed in such a way that no tension is developed 

anywhere. If these dams are subjected to tensile stresses, materials may develop tension cracks. 

Thus the dam loses contact with the bottom foundation due to this crack and becomes ineffective 

and fails. Hence, the effective width B of the dam base will be reduced. This will increase pmax at the 

toe. Hence, a tension crack by itself does not fail the structure, but it leads to the failure of the 

structure by producing excessive compressive stresses. 

For high gravity dams, certain amount of tension is permitted under severest loading conditions in 

order to achieve economy in design. This is permitted because the worst condition of loads may 

occur only momentarily and may not occur frequently. 

Gravity Dam Failure due to Compression:A gravity dam may fail by the failure of its material, i.e. the 

compressive stresses produced may exceed the allowable stresses, and the dam material may get 

crushed. 

STABILITY ANALYSIS OF GRAVITY DAMS 
 

General Selection of the method of analysis should be governed by the type and configuration of the 

structure being considered. The gravity method will generally be sufficient for the analysis of most 

structures, however, more sophisticated methods may be required for structures that are curved in 

plan, or structures with unusual configurations. 3-4.2 Gravity Method The gravity method assumes 

that the dam is a 2 dimensional rigid block. The foundation pressure distribution is assumed to be 

linear. It is usually prudent to perform gravity analysis before doing more rigorous studies. In most 

cases, if gravity analysis indicates that the dam is stable, no further analyses need be done. 

Stability Analysis Assumptions: 



1. The dam is considered to be composed of a number of Cantilevers, each of which is 1 m thick 

and each of which acts independently of the other. 

2. No load is transferred to the abutments by beam action 

3. The foundation and the dam behave as a single unit, the joints being perfect. 

4. The material in the foundation and the body of the dam are isotropic and homogeneous. 

5. The stresses developed in the foundation and the body of the dam is isotropic and 

homogeneous. 

6. No movements of dams are caused by the Transfers of loads. 
 

Stability Analysis Procedure 

Two dimensional analysis can be carried out analytically or graphically 

Analytical Method 

1. Consider unit length of the dam 

2. Work out the magnitude and direction of all the vertical forces acting on the dam and their 

algebraic sum i.e. ∑ V 

3. Similarly, work out all the horizontal forces and their algebraic sum, i.e.. ∑ H 

4. Determine the level arm of all these forces about the toe 

5. Determine the moments of all these forces about the toe and find out the algebraic sum of all 

those moments i.e.. ∑ M 

Graphical method 
 

In the graphical method, the entire dam section is divided into number of horizontal sections at some 

suitable interval. Particularly at the place where the slope changes. 

1. For each section, the sum of the vertical forces ∑V and the sum of all the horizontal forces ∑ H 

acting above that particular section, are worked out and the resultant is drawn, graphically 

2. This is done for each section and a line joining all the points where the individual resultants 

cut the individual sections, is drawn. 

3. This line represents the resultant force and should lie within the middle third, for no tension 

to develop. 

4. The procedure should be repeated for reservoir full as well reservoir empty case. 
 

Profile of A Dam from Practical Considerations 
 

• The elementary profile of a gravity dam, (i.e.. triangle with maximum water surface at apex) is only 
a theoretical profile. Certain changes will have to be made in this profile in order to cater to the 
practical needs. 
These needs are, 
(i) Providing a straight top width for road construction over the top of the dam 
(ii) Providing a free-board above the top water surface, so that water may spill over the top of the 
dam due to wave action, etc. 


